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(54) Cap assembly and process for cooling glass fibres 

(57) In the cooling of glassf ibers there is used a heat 
exchanger 2 having at least one cap assembly associ- 
ated therewith. The cap assembly is used for feeding 
cooling gas to the heat exchanger 2, or for collecting 
spent cooling gas from the heat exchanger 2, or for sup- 
plying a sealing gas to prevent the ingress of atmospher- 
ic air into the heat exchanger. The cap assembly has a 
fiber inlet end 5 with a central opening 7 and a fiber outlet 
end 6 with a central opening 9. The end 6 is connected 
by means 11 with a central opening 12 to he heat ex- 
changer 2. 1 The side walls 4 of the cap assembly have 
mounted therein part means 8 to allow gas to flow 
through the side walls 4. The part means 8 comprises 
at least one hollow bore extending radially out from the 
side walls 4. The cap assembly is shaped and sized to 
be removable from the heat exchanger 2. 
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0 scription 

[0 001, Thepresentin^^ 

glass fibers using a gaseous coolant. a centra , core of glass enveloped 

[0002] Optical fibers are conventionally made rom 9 js duced by nea ting the 

by a cladding of glass whose refractive index ,s .owe 
gLspreformtosofteningtemperatu^ 

S%hegaseouscoo,antiscon r ou S 

counter-flow, co-current-flow, or combination mode thereof b t the walls 0 , , he heat exchanger 

through the heat exchanger. The gaseous coo.ant transfers eat from the JJjJ^L, f|ows through passages 
which 9 iscoo.edbythesurroundingatmosphere^ 
inthe heat exchanger. ™e gaseous coolan is gene^ 

is the preferred coolant gas because of its favorable hea t transport P^*J*^ jn the heat exchanger . 

cost.yLtiveto many other gases so itisdesirable^ 
[0004, 't the exhausted helium gas fr^ 

:p=n^ 

^htr^^ 

[0005, However, these helium recovery systems suffer from fe 

[ion a! a result ofthe ambient airflow ^ ^ 

(2) fluctuation in fiber diameters due to ' tower coolant (such as helium) purity and recovery 

adversely affecting the fiber's mechanics and JJ^^^JJ {such as n l elium) from heat exchanger. 

due the ingress of air into the collected stream ^•^^^^ a itive d m e rential pressure between the 

[0006, Air infiltration can be reduced significantly by ensuring ^ here is a pww M ^ in tnat valuable 

Ling gas inside the heat r^^£^Z^^ZS* end opening of the heat 
helium will be lost to the environment through the fiber in « ^ Mwi through the fiber inlet end 

exchanger. Eflorts have been made to = 
and ouflet openings. For example.conttol^ 

constantly sought. oeeflmhk . fnr ro ii ec tina the cooling gas with high purity and 

cooling system by use of a cap assembly for collectin cro.ing g d „ ow age of the fiber 

designed for mounting to the top, bottom or top and ^bottom ofth > heat exchaj ^ ^ 

egress can be significantly minimized or ever ' el,mmated . b| forfeeding CO oling gas and/or sealing 

[0009, According to the present invention there .s provided a cap assemb y toj g » ^ 
gas to and/or collecting cooling gas from a heat exchanger ^J^^^X, centra | opening which is 
. centra, opening, a fiber outlet end having 

[0010] The invention also provides a Tne ^ 0 ne nbe7ou?iet end opening, at least one cooling gas In.et. 

a) drawing said fiber through said heat exchanger; 
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b) introducing gaseous coolant into said heat exchanger via said at least one cooling gas inlet; and 

c) withdrawing a gaseous exhaust stream comprising said gaseous coolant and at least one gaseous impurity 
from said cap assembly by means of said gas pumping means. 

[0011] A cap assembly according to the invention will now be described by way of example with reference to the 
accompanying drawings in which Figure 1 is a schematic representation of the cap assembly. 

Figure 2 is a schematic representation of a single unit recovery system to practice the process of the present 
invention, including the cap assembly shown in Figure 1 . 

Figure 3 is a schematic representation of a double-chambered cap assembly. 

Figure 4 is a schematic representation of a mufti-chambered cap assembly, and 

Figure 5 is a plot of helium recovery efficiency versus helium purity in the collected gas steam. 

[0012] The present invention provides a cap assembly for collecting cooling gas from an optical fiber heat exchanger. 
The cap assembly outward shape may be square, rectangular, cylindrical or other shapes. The cap assembly consists 
of a fiber inlet end with an opening in its center, fiber outlet end with an opening in its center, side walls with port means 
to allow gas to flow through the side walls and a connecting means with an opening in its center which allows the cap 
assembly to be attached to the heat exchanger. The fiber inlet end, fiber outlet end and side walls form a hollow 
chamber. The cap is generally shaped and sized to be removable from the heat exchanger. However, the cap assembly 
could also be made as an integral part of the heat exchanger. 

[0013] The cap assembly may be a one piece unit or may be designed in two or more pieces which can be hinged 
or not. The pieces can be opened or closed by a pneumatic cylinder, mechanical device or electrical means. The cap 
assembly is typically fabricated from a metal such as stainless steel or aluminum, although any suitable material can 
be used. The cap assembly may be designed such that the inner side walls are parallel or at a gradient from one end 
to the other end, forming a tapered shaped chamber. The inner side walls may also be curved in shape from one end 
to the other end. 

[0014] Further, the fiber inlet end of the cap assembly may be flat or curved such as in a parabolic fashion. The port 
means in the side walls allows gas to flow into or out of the cap assembly chamber. These port means may be threaded 
such that a fitting leading to a pump mechanism may be attached thereto. The cap assembly itself will typically be 
mounted on the top or bottom or both top and bottom of the heat exchanger. The cap assembly is attached to the heat 
exchanger through the connection means. Typically, a sealant of some sort will be applied between the connection 
means and the fiber outlet end and the heat exchanger to eliminate loss of coolant gas from the interfaces as well as 
maintaining integrity of any vacu urn or gas flow through the heat exchanger. The connecting means need not be situated 
between the fiber outlet end and the heat exchanger, it may be mounted to the side walls of the cap assembly and the 
sides of the heat exchanger, in which case the fiber outlet end would be mounted directly to the heat exchanger. 
[0015] The invention can be more easily understood by reference to the appended drawings. Figure 1 is the cap 
assembly 1 which is shown mounted atop a heat exchanger 2. The hot fiber 3 being passed through both the cap 
assembly and the heat exchanger. Both the cap assembly 1 and heat exchanger 2 shown in Figure 1 are made in two 
halves. Port means 8 extend radially through the side walls designated 4. The connecting means 11 mounts the cap 
assembly to the heat exchanger and has an opening 12 or a hole in its center, formed when the two halves are in 
contact with each other through which the fiber 3 passes through. 

[0016] The fiber inlet end 5 of the cap has an opening 7, formed when the two halves are in contact with each other, 
in its center through which the hot fiber 3 passes. The fiber outlet end 6 has an opening 9, formed when the two halves 
are in contact with each other, in its center through wtiich the fiber 3 passes. The openings are generally circular in 
shape but can alternatively be of a different shape. The opening in connecting means 11 and fiber outlet end 6 is 
generally sized to be the same size and shape as the opening of the heat exchangers while the opening at the fiber 
inlet end 5 is generally smaller. Fig 1 Section A-A shows the cap assembly having a circular shape, but the cap could 
alternatively have a different shape. Chamber 10 formed by the fiber inlet end 5, side walls 4, and fiber outlet end 6 
may be of a different shape from that of the cap assembly when viewed from the top or sides. 

[001 7] Figure 2 illustrated therein is an optic fiber cooling system including a heat exchanger 2, a gas flow controller 
28 and a gas pumping means 29. In Fig 2, cap assembly 1 is mounted on top of the heat exchanger 2 and another 
cap assembly 1' is mounted on the bottom of the heat exchanger 2. Heat exchanger 2 having a fiber cooling chamber 
1 3, fiber inlet end, fiber outlet end and jacket 14. The heat exchanger is shown with glass fiber 3 being drawn though 
cap assembly 1 , chamber 13 and cap assembly V. The fiber is drawn from a preform softened in a furnace, not shown 
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part of the present invent.on. one jnt t0 another such 

of flow of fiber through chamber 13. . h f |ines 1 7 

coolant used in the process from gaseous mnpunt.es that mfiltrate the gas heat «^ jnc|ude 
units : cryogenic distillation plants, etc. n i an tvA/hirh when used with the appropriate 

M "as the helium passes through chamber 13 of the heat exchanger 2, it cods the hot °^£<££ 
AsTnSed above, the gas separation unit can be any appropriate gas purification p.ant but is preferably a 
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PSA system. It may comprise a single adsorption unit or a battery of adsorption units operated in phase or a plurality 
of adsorption units or batteries of adsorption units operated out of phase, whichever is desired. When a system com- 
prising a single adsorption unit or battery of units all of which are operated in phase is used, the adsorption step must 
be periodically stopped to permit regeneration of the adsorbent beds, whereas when a plurality of adsorption units are 
employed in parallel and operated out of phase, one or more units can be an adsorption surface adsorbing impurities 
while one or more other units are undergoing regeneration to desorb the impurities. Operation of the adsorption systems 
of the invention is cyclical. In the preferred adsorption process, cycles are repeatedly carried out in a manner such that 
production of the purified helium is substantially continuous. 

[0027] In a PSA system, the adsorption vessels are packed with an appropriate adsorbent and particulate form. 
Suitable adsorbents for the adsorption of nitrogen and oxygen includes zeolites such as zeolite 4A, zeolite 5A and 
zeolite 13X and carbon molecular sieves. In particular, adsorbents used in the adsorption process is a matter of choice 
and will be dictated in part by the nature of the impurities encountered in the coolant gas stream. The adsorption vessels 
desirably contain a pre-purification layer, desiccants such as activated alumina or silica gel to remove water vapor 
contained in atmospheric air. Activated alumina is a preferred desiccant since it also serves to remove carbon dioxide 
from the air thereby reducing or eliminating the adsorption of carbon dioxide by the principal adsorbent. 
Alternatively, the system may contain a separate air pre-purification unit to remove water vapor and carbon dioxide 
from the feed gas prior to its introduction into the adsorption vessels. 

[0028] The temperature and pressure at which the PSA process is carried out are matters of choice and not critical. 
In general, the adsorbent process may be carried at temperatures in the range of about -50 to about 100°C but are 
generally carried out at temperatures in the range of about 0 to about 40°C. Typically, the adsorption is carried out at 
a pressure at or above about 1 bara. The minimum pressure at which the adsorption step is carried out is preferably 
about 2 and most preferably about 5 bara. The upper pressure limit is determined by economics and limitations of the 
adsorption system and in general it is desirably about 50 bara, preferably about 20 bara and most preferably about 15 
bara. The pressure at which adsorbent regeneration is carried out is likewise a matter of choice and the minimum 
pressure depends upon whether or not vacuum equipment is used to withdraw adsorbed gases from these vessels. 
Typically, the lower pressure limit during adsorbent regeneration of these vessels can be as low as 50 millibara but it 
is preferably not lower than about 150 millibara and it is most preferably not lower than about 200 millibara. Adsorbent 
regeneration may be carried out at pressures as high as 5 bara but is preferably carried out at pressures not higher 
than about 2 bara and most preferably at pressures not above 1 bara. 

[0029] An alternative embodiment to the cap assembly is illustrated in Figure 3. The cap assembly 1 is shown mount- 
ed atop a heat exchanger 2 wherein the hot fiber 3 is passed through both the cap assembly 1 and the heat exchanger 
2. Port means 35 and 36 extend radially through the side walls designated 31 . The connecting means 42 attaches the 
cap to the heat exchanger 2. Fiber inlet end 32 has an opening 34 in its center through which the hot fiber 3 passes. 
Fiber outlet end 33 has an opening 37 in its center through which the hot fiber 3 passes. In the embodiment, the cap 
assembly is divided into two distinct chambers 40 and 41 by partitions 39 in Figure 3. The partitions 39 divide the cap 
assembly into two equally sized chambers or can be located so as to make two chambers of different sizes. It should 
be noted in the embodiments of both Figure 1 and Figure 3 that the single chamber or double chamber cap assembly 
may have one or more than one port means through which gas may be withdrawn or supplied. For instance, port means 
35 in Figure 3 could service as the supply port means for the sealing gas whereas the port means 36 can serve as the 
port means through which the cooling gas is withdrawn. Alternatively, the port means 35 could be blocked while port 
means 36 could be used to withdraw the gas from the cap assembly. 

[0030] Although any gas can be used as a sealing gas for the cap assembly used on the top of the heat exchanger, 
it is preferred to take a portion of the collected gas and use it as the sealing gas. By doing so, a higher cooling gas 
concentration in the collected gas steam can be obtained. The chambers and partitions of the cap assembly can be 
fabricated separately and stacked together, which not only makes the fabrication and installation easier but makes 
modification of the coolant device more flexible. Each of the chambers and the size of the opening of the partitions can 
be tailored according to the geometry and operation conditions of the cooling device. 

[0031] When the cap assembly is used at the bottom of the heat exchanger for capturing the cooling gas, the cap 
assembly will be attached to the cooling device in a position upside down from the one shown in Figure 3, with port 
means 36 as the gas withdraw port means and port means 35 as the sealing gas supply port means. Alternatively, in 
the instance where the cooling gas is fed from the bottom, the cap assembly can be used as the feed chambers, in 
which both 35 and 36 will be served as supply port means. The cooling gas would be introduced to the cap assembly 
through port means 36 and sealing gas would be introduced to the cap assembly through port means 35. 
[0032] Turning now to Figure 4, which represents a multi-chambered cap assembly wherein more than two chambers 
are present in the cap assembly. Fig 4 shows two port means 60 and 61 but there may be as few as one port means 
or each chamber may have its own port means. This cap assembly designated as 44 is shown mounted on the top of 
the heat exchanger 2 or it could be mounted on the bottom of the heat exchanger in a position upside-down from that 
shown in Fig 4. The hot fiber 3 is shown passing through both the cap assembly and the heat exchanger 2. Port means 
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Fib.. MM a»d 52 has an opaaing 59 ,1 .s canter »9 *a J™ ' ££££ hM its own port means (e.g. 
as,amb» m«* chambers 62-67 »*^<Z^?^Z^tW^<^'^» 

serve as either an inlet or outlet for gases. Thus, in a "^anttenri leap as heat V e M xchanger assembV- When the 
used to supply gases to the cap ass ernb y . rtan and 61% be employed, one 

cap assembly is mounted on the top of mufti . ch amber cap assembly. Again, one or 

«or P su P p.yingsealinggas,theotherforw ^^^^^^^^L^ 
more than one of the inlet/outlet means (such as 60 and 61 ) may - oec m ^ chamber(s) 

[0034] It should be noted that although the , a* J^^^^, they ca n be in any shape and 

^ntol^ 

L regard to the design of the assembly «^2rClS ^2^22^ the ,iber P"""- 
Lreitthoflow o, the used coolant gas f^ 

the top, the used coolant gas can be redirected to flow ma ra Wto P J ^ ^.^ ^ bejng b|own 
direction of the flow of the gas coming off the heat "J^EETfha preterm and the fiber being drawn, 
into the furnace located above the heat exchanger <^^^SS^ directly from the heat exchanger. 
[0037] TherearepracticesinaheliumrecoW 
SnthosecaseMhe^ 

with asmall diametercool.ng chamber tube. Thus, ^pervacuu y ^ ^ 

otherwise a significant portion o, the 

fluid flow pattern and pressure profile ,n the ^^0^0 iheHum coolant usage). If the assembly described 
thedrawingprocessandreducingthecoo^ 

in this invention is used, the pressure drop . the as ^ff^Z^^^^+^to*** 
3s heat exchanger. Therefore, spent ^T^^^^^^L^ chamber assembly, where a portion of 

40 sealing gas to optimize the flow pattern and P re ^^ mean s of the wtthdrawal chamber can 

« Lsembfy. An iris plate is usually attached to the bottom of ^ "J^^ii t and 5 mm), the gas 
the feed chamber. The diameter of the opemng of the ns ^* t J feed „ ow rate , cooling chamber 

velocity at the iris plate can reach 50 meters per second or h,g er depend ng on ^ ^ 
tube dimeter and length of the cooling chamber tube, as £ ^ ™ ~ Equality, 

iris plate could cause fiber vibration, which would result in f toer ^ ^ , ost from tne bottom 

50 [0040] Another problem associated with the .ns plate design ,s he ^ usj a doub , e . 

ncreLswiththedecreaseoffeedflowandcannotbec^ 

or multiple-chambered assembly on the bottom of a "TJ^^^S he coolant gas loss through the 
sealing gas to the bottom chamber of a, for instance, ^^^^^^^Jf^. In addition, the 
fiberoutlet can be greatly reduced and the sealing gas flow « ^J^J^^^ ^„g d an Irt. pla* *at 
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Iho holium recovery and helium purity can not be independently changed. Generally speaking, vacuum pressure in 
ihc withdrawal chamber assembly should be kept at relatively constant to minimize the disturbance to the fiber drawing 
process Adjusting the sealing gas flow rate allows one to maintain the coolant purity of collected gas stream. 
[0042] The invention will now be demonstrated by the following examples which should be construed as exemplary 
^ ol ihc picsent invention and not necessarily limiting. 

f XAMP.ES 

Example 1: 

to 

[0043) The purity of the helium collected and the air ingress flow rate for a single and double chambered cap assembly 
mc snown -n Table 1. When the length of the channel where the fiber enters the cap assembly is increased from 0.25 
inches to 1 inch, the helium purity increases from 46% to 53%. Meanwhile : the air ingress flow rate is reduced from 
16 Q SLPM to 15.7 SLPM due to the extra length of the channel offers more resistance to air ingress. 

15 



Table 1 . 



Hchum purities in the collected coolant gas stream and the air ingress flows 


numbers of 


Single-chamber 


Double chamber 


chambers 












top inlet channel 


top inlet channel 


volume ratio top/ 


volume ratio top/ 




length = 0.25 inch 


length = 1 inch 


bottom = 1 :2 


bottom = 2:1 


Helium purity, % 


45 


63 


68 


69 


Air ingress, SLPM 


16.9 


15.7 


8.1 


6.1 



[0044] As shown in Table 1 , a double chambered cap assembly design gives a higher helium purity than obtained 
with a single chambered cap assembly design. By reducing the collection chamber volume and increasing the buffer 
chamber volume, the helium concentration is increased from 65% to 69% and air ingress drops from 8.1 SLPM to 6.1 
30 SLPM. The employment of a sealing gas for each doubled chambered cap assembly used on both the top and bottom 
of the heat exchanger could reduce the coolant loss and air ingress further improving the systems efficiency 

Example 2: . 

35 [0045] Helium recovery collection test was conducted on a heat exchanger of a 15-meter-high optical fiber draw 
tower. A double-chambered cap assembly was attached to the bottom of the heat exchanger (or the cooling device). 
Helium was used as the coolant gas, which was fed to a cap assembly on the bottom of the heat exchanger. The heat 
exchanger has a inner channel diameter of 1 0 mm and a height of 2 meters. The diameter of the openings in the cap 
assemblies through which the optical fiber passed was 3 to 5 mm. The fiber draw speed was varied from 3 to 20 meters 

40 per second. The helium feed flow rate, which was changed according to the fiber draw speed, varied between 0 to 1 00 
liter per minute. The upper chamber, where the fiber enters the cap assembly was used as the helium feed chamber 
and the lower chamber where the fiber leaves the cap assembly was used as the sealing gas chamber. Dry air was 
employed as the sealing gas. Another cap assembly was used on the top of the heat exchanger. Both single- and 
double-chambered cap assembly were tested as the coolant collection cap assembly. In the case where double-cham- 

45 bered cap assembly was used on the top of the heat exchanger, exhaust coolant was withdrawn from the outlet means 
connected to the chamber at the fiber outlet end while the sealing gas (which was from the collected helium stream) 
was fed to the chamber at the fiber inlet end. The sealing gases feed to the top and bottom cap assemblies were 
adjusted to maximize the helium recovery efficiency. 

[0046] Turbulent flow in the heat exchangers cooling chamber tube and the cap assembly could cause low amplitude 
so vibrations in the fiber when the drag of the upward flow becomes greater than the fiber tension due to the drawing. 

Fiber vibration could result in the fiber bending or twisting contributing to attenuation in the optical fiber. When the 

vibrations become too large, the fiber could hit the walls of the heat exchanger causing cuts or breaks. No fiber vibration 

was observed in a wide range of vacuum levels between 0 and 14 inches water gauge (IWG), which is measure at the 

suction side of the vacuum pump. 
55 [0047] In the fiber drawing operation, the helium flow rate was adjusted based on outer diameter of the coated fiber. 

A smaller coated fiber diameter than the specified value indicated that a higher cooling capacity was required and thus 

the helium flow rate was raised accordingly. 

[0048] The effect of helium collection on the cooling efficiency was studied by measuring the coated fiber diameter 
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with and without helium recovery system being used. pt fi c iencv 

[0049] The fiber diameter measurement shows the helium collects system does not reduce 

of the optical fiber heat exchanger. Therefore, helium demand will not increase as a result of the add,t,on of the helium 

SST Se^ shows the helium purities and collection recoveries of the collected gas stream at different operating 
cond t on i vacuuJ leveis, feed flow rate, sealing gas flow rate, and fiber draw speed). The collects recover . 
2 amoun of helium collected by the collection device as a percentage of helium fed into the heat 
fOOsT A one can see from the figure, helium recovery up to 80% to 90% and purity of the collected hel.um stream 
o 97% to 9% we" obtained. Generally speaking, higher helium recovery was observed at ^^^^ 
hiqh helium purity achieved in the given example suggests the possibility of d,rect recycle of hehum wrthout further 

plat'Sgreatly ^^^^^^^^TT^^i^S^ 
□recesses such as PSA, TSA, membranes will improve both helium recovery and punty. The selector, of the system 
sho'd be d— ed based on the magnitude of helium flow rate, the types o, draw tower and heat exchanger, as 

Sra^ 

romvprAri increased thus reducinq the amount of helium lost. 

S re lS lion has been described with respect to particu.ar embodiments thereof, it b apparen tha 
numeourotherformsandmodificaUonso. the invention will be obvious to those skilled in the art. The appended clams 
in this inveln generaily should be construed to cover al, such obvious forms and modifications whrch are w*h,n the 
true spirit of the present invention. 

Claims 

1 A cao assembly for feeding cooling gas and/or sealing gas to and/or collecting cooling gas from a heat exchanger 

Iconneclgmeans with a central opening which is attached t° *e fiber outlet end the sdewa^ 

port means to allow gas to flow through said side walls, said port means compnsmg «^™*%*Z^ 

extendingradialryoutfromthesidewallsandsaid cap assembly being generally shaped and s.zed to be removable 

from said heat exchange device. 

2. A cap assembly as claimed in claim 1 , wherein said inner side walls are parallel, at a gradient or curved from said 
fiber inlet end to said fiber outlet end. 

3. A cap assembly as claimed in claim 1 or claim 2, wherein said fiber inlet end is flat or curved. 

4. A cap assembly as claimed in any one of the preceding claims, wherein said port means are connected to a pump 
mechanism. 

5. A cap assembly as claimed in any one of the preceding claims, wherein said port means extend radially from said 
side walls and are threaded. 

6. A cap assembly as claimed in any one of the preceding claims, wherein said connection means are attached to 
sajd heat exchanger. 

7. A cap assembly as claimed in any one of the preceding claims, wherein said cap is divided in halves. 

8. A cap assembly as claimed in any one of the preceding claims, further comprising partitions extending inwardfy 
and dividing said chamber into at least two chambers. 

9. A cap assembly as claimed in claim 8, wherein said partitions have an opening in their center. 

10. A method of cooling a hot drawn glass fiber in a heat exchange unit comprising a single heat changer having 
one fiber inlet end opening, one fiber outlet nd opening, at least one cooling gas ,nlet, gas pump.ng means and 
a cap assembly having at least one inlet and at least one outlet compnsmg the steps: 

a) drawing said fiber through said heat exchanger; 
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b) introducing gaseous coolant into said heat exchanger via said at least one cooling gas inlet: and 

c) withdrawing a gaseous exhaust stream comprising said gaseous coolant and at least one gaseous impurity 
from said cap assembly by means of said gas pumping means. 

5 

11. A method as claimed in claim 10 wherein the gaseous coolant introduced in the said heat exchanger comprises 
helium : nitrogen, carbon dioxide, hydrogen and mixtures thereof. 

12. A method as claimed in claim 10 or claim 11 , wherein said gaseous exhaust stream is withdrawn from said cap 
10 assembly at a rate such that the pressure and at least part of said heat exchanger is maintained between at about 

0.7 bara and ambient pressure. 

1 3. A method as claimed in any one of claims 1 0 to 1 2. wherein the rate of withdrawal of said gaseous exhaust stream 
from said heat exchanger through said cap assembly is partially determined by the rate of flow of gaseous coolant 

1 5 into said heat exchanger. 

14. A method as claimed in any one of claims 10 to 13, wherein said fiber is drawn through said heat exchanger and 
said gaseous coolant is introduced into said heat exchanger at substantially constant rates. 

20 15. A method as claimed in any one of claims 10 to 14, further comprising removing at least part of said at least one 
gaseous impurity from said gaseous exhaust stream and recycling the impurity depleted gaseous exhaust stream 
to said heat exchanger as gaseous coolant. 
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